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(57) Abstract 

A process for producing gallium nitride compound semiconductor includes the steps of forming a polycrystalline nitride layer (1 la) 
on a substrate (10) in a first temperature range, forming a nucleus layer (lib) composed of a gallium nitride single crystal on the nitride 
layer (1 la) in a second temperature range, growing the nucleus layer (1 lb) in a third temperature range so that the crystals of the layer (lib) 
can grow in the direction parallel to the surface of the substrate (10), and can join to each other, and growing the nucleus layer (Mb) in the 
direction perpendicular to the surface of the substrate (10) in a fourth temperature range. 
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(c) ii. G aN#^ B B B M©™iaT^^„ g|3 (b) (d) -£ft*' 

hms (a) fcitf (c) ©&3B-3B:kJ:U t &3D-3DK?&-,*:«rffi©:tfi 

«£*ftffijc «fc -5 G a WfS&Jf cd^Mk: fci vr , liB5fc)t*dF-^-f X© 3 
10 0 0 /zm©ggj£©$&ST. BflfiTWSfiiJSft* (13 (c)) e i3 (d) 

ClftKjtfUT. @3 (a) K;^$ft£J;9K. T¥ 

15 »m:aiB*W"r*GaN^ttAJi*<»^n*o Sfc* B 3 <b) A^^^J;? 

20 b b b jii 1 c ©sffiiitttifc^ffitt^roT* -e©±ic, m»«ttfitt*jj:cjffii 

*H3fi3^JBlCJ:-,T»b»nSGaN*efijil 1 c©±K. MOVPE&JCJ; 
oTs I n G a NI^M^'J A^^^l^f gt> ^0gS7t 
h^$*-yfe>X*««ILfea mm%te, 04 (a) ICjjt<*ftS 0 04 (a) 
25 4 1 Onmftific»C> /<> K«HS*©*j&Wit^S. C©C 
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"To 

B4 (b) (d\ t*Sii:«t G a |§b h 8 I^M l> *®±\Z, I nG 

■feyx^tSiJL/c^^-ro d©H^e»^SJ:-5ll. 4 l 0nm»<> 
K*S&#KiD;U 5 5 0 nmftiSJC^PSSJCieH-rSi^^n^Sl.^tt^to© 

c* 2 

1 OJiKG a NJ^AJl*»l^S:frft*»B^5 0 
*2a»tfB!llK:fctvt\ S&2 1 0<DttWt[sT, 6H«it^WT^S i C)W8 

■fZo S i C2MK2 1 Oli, (0 0 ODS*^ 3. 5gg« [11-20] 7j 
finifllttVn**. *«W»»ir*5i%Tx r«#«ffij 

r^*72SffiJ (misoriented substrate) <i:^^*So 

*HJfi^.T'li. £«2 1 0±tr. GaNife B B B I«t5fctoO^ 
WiN^n bn>£R|CVD& (ECR-CVDS) £/cii 

tft^DfB.y#»X^7^ CECRX/<7^ft)^ffll^ D 

B5 (a) ~ (d) tt, *^{wJ;^GaN^B B B e©fi!cg^^^-r»fMl 

g6li, GaNmM B B 8 /B©^v-y>X^1- 0 
*1\ *SflJSS**T9fcJiK ftfl:a**«2 1 O^BSOECR-CVD* 

7 0To r <r ©#*Mftfc*H*Tx 1 0 5 O^CTl 5»in:ta. 

t, s&2 1 o©*iBic»UT^»;-->^toa*iii"r. 

ftAI (&&6N) il^'X^ECR-CVDSfcliECRX/^y^©^ 

14 
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Fft So ECR-CVD*fcliECRX/<y* (DfcmFft it. 

lxlO- 3 Torrt*^ ^ 2. 4 5 GHz, 5 0 0WO7>f^ntt^ 
l;K H5 (a) K^£ftSJ:5K, ^f B »A 1 Njf (A 1 N££AA) 2 
1 1 a £5 0nmH£iiS3-£6o C©ct9i:#b^5A ] N^SJi 2 1 1 a 

A 1 1 1 a*4tfllUfe*«2 1 0*, MOVPEggOfc 

jeawzRiiu 7>*-7£&$£®m&%m&$vi o o o^eam oa-un 

ttlt^o GaNm B B§2 1 1 a©«tt£flSJ&*fcafi>rc. Mg©?S&£ 
^80 0TO±1 2 0 O'CHTKRJfc-f S©;W*U\, :0««J:oT, 0 
10 5(b) £3*3*1* J: 5 C A 1 N£&AA2 1 1 aOCttElSJti^lSli^-a-^o 
A I U£m&M2 1 1 a±\Z&.»t£G aN&ttAMtmiiuirZfclt^ 

f&lSftKfctvr. MI^l 0 0 OTJlzHftftPU 'J7*'7 
15 t l/Tx TMG£7>*-7£tfe&-f5o C*UC«k?K B5 (c) K^fr* J; 
9 SC. A 1 N£teAA 2 11a ©_LK, CMEAlttOSI^G a N#*g B B B CD^A 2 
1 1 b£»T£„ GaN»0^2 1 1 b ©JgjftBfr|g|(i % 8j2#T*4, 
^2Mi:fcl>T, 1 0 5 01Cg«*T*HSU G a N|j||| 2 

1 1 a*jftfi$H*-5. #3flfcRlC*;ivT\ 1 0 9 CCgffiSTIHBU 

20 GaN£!SAA2 1 1 a&S&IOKftSHK B5 (d ) K^Sft* Ji-5 Ga 
N*«4l2 1 1 c : 0. 1 A<m~5 ^mll£) jW£jfti**l£. m2SPtfc 

J: tfSS 3 aBlwfctf 5M0VPESC J: *fl!i©*£ AJSfcfi*fN*. S£ 1 ©l£»S 

A 1 N&BAff 2 1 1 ats£VG aN&m&m2 1 1 c*n\ A* y 7 r JI2 1 1 
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ECR-CVD4fc<4ECRX/<y *ife*flH*T, A 1 N^ B B B I2 1 1 a£ 
^©?U*^Wr^o ECR-CVDttfiECR^<^^i; 
±%t. A ] 1 1 a£2 0 0*C£l*9ffi^SfiTiS«T#So 

5 ^ B B B i(i2 o ovv{tmmr^tii\ 

*9mj&1BUZis\,*T* ECR-CVD£fcliECRX/* v *i££J!3^T. A) 
N»12 1 1 a£2 0 0 'CeS©fi^TS^'5>©T\ A 1 N£*£AJ1 2 1 

tt5ig B B 8^(:*tbtTO^m\ A 1 N£tSAS2 1 1 a 0K|H]tt£fi|Jt 
10 ^5:ti:«tot, A1N£&A®2 1 1 aOJ^ m^£*J cfctfi^Eft 
i££lTfSG a N»«fiOtt4»jftT§5. —2k M0VPESi:«t5iag (6 
0 OtJgK) Tit^U/cA 1 N£&A/§£fflWd££li, ±§SE C R- C VD£ 

fcJ:tf»l>Eft!tt*W-r3G a N*IIAO«*«dWS©36<B»T**o #3£BJJ 
15 1^1 5 0-2 5 0 , C0®ffl<Di&8> T&fttf. £*S B B B Ji t LT+#K« 

ifetZA 1 N£|£AJf2 11 a*<iiar#So ±§2MT'<i. LTjR<fcg 

#>K, 2^ B s B X^|5I^{rfeMJ5liI^t 0 -^^1il^fi|^«U/Co GaN#*gAJi 
20 1 1 cfiU 3^«tl>9 2*S B B B X&|I!^©^£tM£*rr o d©::<b&M^ ^HJfi 
JBJBlCkoT* affi^^t>feT s FfflT]g^o D DM©GaN#^A®2 1 1 c^Hb 

#2£J6J&»TH\ (0 0 0 1) ffifr'fc [1 1 -2 0] ^[S]jr3. 5Kffi&-T£«i: 
25 -jl-WtftfenaS i CS^ffil^tlTl^o :m:ioT, S i C&flUifC. 
&KA 1 G a N«A**!*f5»fc\ A 1 G a NjSA©gffi©¥&1£#lR]-tt-* D 

16 
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«*>\ (o o o i) wfr$ [l- 1 o o] ^fpj(c3. smmm-rz&jizmmi, 

milt. Si Cffi»Sfi±IC«»*nfcA l GaNlOSI©7 7*X^ A 
I GaN^©A 1 ©ffllSi«D!H#*a?-r. fittttix A 1 GaNt©A l'©fflJS6£ 

tittM^ a i GaNio»7 7^x^t 0 H7c*>i^Tx .&*u*s 
(oooi) K*«£#i>fc#fr £3*1-0 *«w«mc*»H^T. r (00 

0 1) >> + X h£&J <h{±s (0 0 0 1) ffifrt>l^-ftHt>J3&UZ&m®LTl^l 

H7ir*>^5ieeu. (ooon ma^ [11-20] 

Ct^t. @7*Mi^5J:-5t-x «#2&R*JBl^**g\ Al©afiS*<3 
0 %IgiT'i:^ < tl^Tk. A 1 G a NI©SiS©^ij4l^b./il\ 

GaNI©IM7 7^li, mmm-t, & (0 0 0 1 ) 

ffi^[li-20] 2fiRif:«*«-*fclt£»U H8 0»«ir^$nSo 
H8C^$tl*«t"5^ A I GaN©Iffi7 7^7li, «#ftflft<K< ft**: 

fgfflTx A 1 GaNJf©Sffi(^ smfcWfctt*. 

&fi©^ftfl&W&5«fr& 1 5££T©$SHt\ JHTCtttW-r* A 1 G a N 
^© P 3S! ¥-'< >>©$») &*ft*t>lRlJ:1- £o 

pS2A 1 GaN«*fH8«Rx (0 0 0 1) y + x Ka&KjWBl^fiSfcjK 

U ^ ©JSH&WS < ti 5 t Z £W*mmt%lz\ £ Tfrfr -p /Co 

B9(2 N ft4^£ft&K&£^&tt'£©. F-/^^5MgOA 1 Ga 
NJf^flt&j&Sft^tA 1 G a N©A ] fcjSiCWflSfcgrr. flttt(i % A 1 G 

17 
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a NOA 1 ifcjftfcjFU MgOAlGa NJI^©ttt>&£ft¥£jjc*- 0 

m9K7jk£tiZJ:r>\Z^ tim&K&m A 1 G a N^©M g 

5 H9^b^5Ji9lw, A 1 ICIEST* 

£ ffi C *£©M g ©ft ») & £ ft$tiffiTf 5 A<s (, >5%^OM g 

tx h Soffit ^*iT*>J:t\, £©*£* /<y 7 r IS £#5fc-f 5 MM^U 

15 fl*M&K*J8^St>-5 1^>©*»J££ UTx &*£±«/£;*ft£ I n G a 

«ttirc©ttAfc«*<ffi8T* *. 

BIO (a)li, (0 0 0 1) y + X h&fb^a&KJiKJ&JSfcSttfc I n G a 
N/Ga N/A 1 N£JMI©Wrffi£jF-f T E M (3a£tt?Sfttttt N transaissi 
on electron microscopy) Bl 0 (b) (0001) Mj^£>3. 

20 5gT[ 11-20 ]5ETlRHC«»rS^ba*aMR±»C3gJ5t$tlfc InGaN/G 
aN/A I N£BK©Hfffi£^TTEM3f;fcT**o 
B10 (a) Cg?$tiS«k9»-x ^tXhlWb^S^ GaNM* 

T#£U InGaNI*TS-jTl^.-^ 6110 (b) IC^tlS K x 
25 ««3fcfi36<ffll^tl*»^ G a Nfc+fcttAfcMa-lix C«#foi::M#:& 
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5 (#3 

1 1 1 1 2 uj#£>> ±r# i *;<fctf£ 2 ©s«iJBiR-e8Mi§ Lfc 
mix*) vi*&4t£®*mw®$i'&ijmzm^T, nitx>) ^^it^w^mw 

r-f 7jWBl^ttTt*So £*>\ ii&i?B/i©^$KM0VPE££JfH^ o H 1 -2 
10 (i. eM©JKfi : >~^>X*^f. 

i-T. »fifiSEft*ff -5 1^7/^7 (V^^A 1 2 0 3 ) CflS&ffil 0£ 
^OMOV P E mWQfcmFftOV-tf? -±£3M£ U J|£»S Lfcfc. 
7 OTo r'r©**»fflS»C*>l^T, 1 0 5 0tT'l 5 #Hftltt-r* £ iia, 

t. stsi oc^bkslt* >)-->ytimzmt m \ 2©®) 0 

15 ftK. SS10^6 0 0*C£-C?friP Lfcfc. 7>^-7£2. 5L/^©«tS 

"cia^a&u asfii o©M*sft-rs cai 2©®) 0 *©& x ai 

£ft£J:7fC. hlM^Utf'J^A (TMG) ^2 0/«W^ 7>^7£ 
2 . 5 L/#. *J J: * + 'J 7zK** 2 L/#gg{!t;£ UT. £& B B a #:ll© G a N 
JR(GaN£*IM) Ha^5 0nmiSDIi^ (01 2 ©(D). 
20 G a N£|£Aff 1 1 a JiirSaFttG a N*ttAJi*^r*fci6lC % ± 

m&its±v%2®mmmmTi&wuz3m(Di&&fc%xmzftj mi 2© 

3» o -fttfr£> TMG©&&©*£#i]:U SSTO9 5 0t*T#SU: 
TMG^2 0^;l//^ft»U GaN4M£A©&l£lff&$tfS (BIS 
tf) o TMG*«teWE*«&*«ffl«*9 5 Otj&^l 0 5 O'CfcJ;^ 1 

25 0 9 OlCSftS T»WrKMIJHai/t. G a NJjM&AH 1 1 c £j5fcft-TS (& 2 *? 
<fctf!fS3&|Sgr) . GaN^SUl 1 a fc.ktfG a NJP&AJI 1 1 HI 1 
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ftC, *J^y> (7jc?JK-*5 0 p pm)£l 0cc/:JK V V / TJVT fri - 
£A (TMA) £2 (i^Jl'/frmuLTQy&V, niA ]GaN^77KI12 
(H I 2 ©(D) 0 

*©«-&#H»+Tx 7 0 0rK»fflUT£«M*<-3£KfcoA:SU 

MJ/f-Jl/'f (TM I ) £2 0 0 #e;l//$h TMG£2 0 ti*fr/ft 

{fej&UT, I nGaNilfifr&fcfcgl^l 3*1 0nmifca3-£S (Hi 2© 
®) o I nGaNJSItJBl 3^jS-T5iSft©IEHIi. 5 0 0 "CJ61 Jb 8 0 0 "CJEJ 
TT*fttf S&Jgte. A 1 x G a y I n z N(0 ^x< 1 x 0 =£y< 1 , 0 <z 
^ 1 . x+y+z=l) frbM^ntfc J:l\> 

TM I ®{&£©*£#jkU TMG<hT>^Ti©^S£-e©**il 
ftU 7>K-/GaN^+7^I ( I n G a N«ttJg©l£^ffl]$!lJi) 3 0£1 
nmm&miSikZ (HI 2©®) 0 Z(Dt£, TMG©SfE;g£^ri:£-£T fed: 

^{C, TMG©#&t>#itU 7>*-7<fc#aW>iB'&#H$tT\ 
1 0 0 0-1 0 9 0 t C@g£Tl*SU 1 O^TOMS^^ (EI 1 2©®) „ 
TMA. TMG£iil2©5{tl:i:lll;atSTs $ k>it->? w*.y? Vjl- 
;b7^^-7A(Cp2Mg)^0. 1 //t;P/^lT, plAlGaN^ 
5? KJgl 4£J£lt£l** (HI 2©®) „ *©&, TMA ©{&&©<* £#itU 
pIGaNn^^ h®l 5£ig|&$ii-£ (HI 2©®) . fcKU TMGfc«fct; 
Cp 2Mg©{&&£#itU *«ia**6 0 0 , C»C»iBU^ IStfTMG, T 
MI fcWp 2Mg£{£i£LTx pS2In x Ga l . )t N(0<x< 1 )^£/«££ 
tKii 3 1 (J?$ : 0. 0 1 ^m-1 A/ragg) (gl 1 2©©) . p 

IE 1 n C a fffljg D 1 |'^ r * ^J^'hSl p$I a G a N4»|igjg 

3 1 t*<D±K%&Ztl2> pM«® (P t ) a v h%-|«*flaSf 
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TOiife&fcffitU TK^ffl^-CS^IfflffttoS*^-? (01 2©©) „ 
ftSfclw. ^©a$g*«^T. nIAlGaN^7»;K112, InGaNg 
til3, 7>K-^GaN^+ *:/JI3 0. pIA l GaN^77KH4, 
p^GaNn^? hill 5, fcJ;tfpg!I nGaN^F^iiS 1 S&fl**jKx 
>^*LT. -Sj*<SSIBLTtNSnIA 1 G a N ^ ^ y KJ1 1 2^{r x n 
S*«(A1) 18£JBJSfcf5 ? pll nGaNW3 1 ±fc. p«j|« 

s(pt)i7«n, 

013 (a) K^SftSJ;?^ I nGaNgtlll 3tpMA 1 GaN^7 
•y Kii 1 4 <h©F^{lpSG aN#V KJI 3 3 > InGa Nrg-fiJI 1 3 tnMA 1 
GaN^ry K» 1 2t<D®iZnMGaNJfJ KH3 2«j££ttTfe«i:^o 

£tTH. 7>K-7 9 GaN^ + - y y|i3 0 £^j£r*S*£l»HJIir -5. 

I nG aNgftSl 3_tK7> K-yGaN + t^l3 0 d tiZ X 

-pT. InGa NgftJi 1 3^£>^BE©$$tfri^ I nj&q^Kft-TSC <t*»IW 
f5C t*<T*S. J: -5 InGa Njg&Ji 1 3 ©i£»&g £ ffi 

Ufiflk fttfrfc* 7 0 0tT7> K-^G a + 7^13 0£jR£i?-)g (1 
nmgg) itft-T^CtCtoT^ 013 (a) K^$*lS«k9 1^ ^.H&ttiStt 

HI 3 (b) li, ft*KcfcS7> K-^G a N*+y?m 3 0*<JgjKS<iT^ 
tt^frfr©* lnGaNgtfl03i, InGa Nflj§t£Ji 103 £lfc£rn|g>!f 
<< Mil 3 2*j«ktfpS*f>f hill 3 3 iOBfffi^f - ill 3 (b) IC^ft 
5i9lw, 1 nGaNgtgl 0 3 t pSG a N#V KM 1 3 3 ct©K©^ffi(i N 

*S>K. 7>K-7 p GaN^ + . > 7 p |g3 O^SJc-r^CtJCct^T, I n£& 
nGaNSttl+^iRAS-frJSCi^TiSo I n G a N@&Ji 1 3(i x 

21 
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7 0 0°Ctl^\&\,vfa&Tm&~tZ<DT\ I nGaNgftfil 3 0ElRlttf?©|£ 
S1fe&<j£l*o *|g»JgJR©J:-5^ 7 0 0*C©{£igT'I n?||&3S#*!W (7> K 
-^GaN+t^l) 3 0*1 nGaNgtll 3 ±C jfclj 5Cii:J;-3T, 
|)gll^l 0 9 CCUlJHBU I nGaNittll 3K#UT&#K&&g£ 
lT9:^t^o cn«toT. I nGaNffittll 3 ©@Sftft£foi:T# £„ 
S14(*, lnGaNgtll3©IS7th^;^vb>X^I^ InG 
a NiSttll 3H^-TSfiMSra<tOK#*^-ro ^MBtP^lgfiDlltf^T. 

JJStBiWT'l^ S 1 5 (a) K^StlSJ;?!^ 5 0 0-8 0 0^Cgg©Sg 
T, 7>K-^GaN*+^i3 Ufc «2)> -ITMG©ttM 

#lLU *S H B B ^*1?ll:UT^t» 1 OOO-IOBCC 

g&£T'#frSU&Mg£fi--?*:o C©ftb9K. SI 5 (b) {C^£*l£ck-?K X 

5 0 0-8 0 0tfI£©i&£T% I nGaNgtil 3&m®,Ltz (©) T 
MI©^©^*^jt-r^il^B#(r. 0 0 0-1 0 9 0t*t#S 

UTt>«kl\ &&[,t£l!)<t>T> aN*+ y7M3 0%f&&$ 

T> K-^G a + y yji3 0©JP 1 0 n mJ£(TT£>fttf v 7 
>K-^GaN^+-^lf30©J?$©ctO»*tt ^S&fflli. 1 - 3 n migT 
7VK-:/GaN*+y:?^0©Jfte#/h$-r^5 ClnrnJETF) 
n05K»*jqilMT*tt^. 7>K-/GaN + fy7"13 0©J?3/&<;*: 

t-r^* (3nm) t. T'<4*®m.nmjiftfa<+i*). 2&ft£#s*:a6K:> + 

#tt*»*<tt*&T#«l*. tt*>\ G a + -^1 3 0(i, I n*< I n G a Ng 
(*4©fH«KK> 

22 
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jrzmi^-ri^ 6 nw&zm-tzmtim (sso ^iN^nti^. s i 

C&fiL4 1 Oii. a*6<K-^nT*Jt), n » S i C£t£4 
lOlt (0 00 1)®^b3. 5ft [ll-2 0]J|^«ttl^ S 
5 iC3&K4 10li* (0 0 0 1 ) Wfr* [1-1 0 0] #[rHC3. 5 STOUT 

gll 6li. *H«M©^^^^©«r®^^W{r^-r 0 c©¥£#& 

ft*?^ iii 6f^^n^<k9^. &nummfa4 1 o 1 o©±c 

^JSR^n^A 1 N/<y7rJ14 1 1 /<y7rJ14 1 1 Oii:Bit^tl/:## 
10 KttJltitifttt4 1 9 t s *mimmilt&ft4 l 9±CM$n/:pII n G a N 

+55! 3 1 <h> 3&3teKifc5tt*ift (tttt*«E> *tt«ft-r*teJ6©-»©««4 1 

7fc,fctf4 1 8*tt^.r^5o 
¥3*#«JBflliifr4 1 9li x A 7 7rl4 M-KjEIMHj^&WSk:* niA 1 

GaN^7»;K112, nSGaN^ KM 3 2 N I nGaNgfflll 3, p£ 
15 G a N ii-i KI3 3, plA IGaN^yFgH, fc^pIGaNn^^ 

20 4 1 l&imzitZo ^rnmmmxit. &&4 1 ojur. ^m^&mtomwz 

m9&mf5ttl8&8; (MOVPE&) £fiH^„ 

**\ m&m&tft 9 to&> 6H&ffcgfi§S*g4 1 0£TO;j;©MOVPEg 
g©S0itPI^©-b-tr7 ,, ^-±Hg2:fiU J|2K»ftl>fc^ 7 OTo r r©**» 

25 ir «■ lt ? «j > r«ta**-r. 
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K, h 'jyW^U^A (TMA) $1 0^;I//:$K 7>«7£2. 5 
L/5K ^y->7> (7jc^K-X5 0 p pm)£l 0cc/#, itf** V 77jcf£ 
*2L/^gftttl&UT, nlA 1 N/<y7yJB4 1 1£2 0 0 nm!igJ£^£ 

a' v 7 7 |4 1 l&n®iZ?2>ZtKJ:-,T. £&4 1 0 ©SEEK nflOm&S- 
tStfTk. *SUSffitt£Ktt£«l>o tt*>\ nSA 1 N/<y7rJB4 llli, 1 
0 0 0 °Cfl£©lf &T*£8I L fc©TN fefl^B*<^/j: < (3H:$te A £ o Tis »K 
&#tt«tt£*Tr*. nSA 1 N/<-y7rJS4 1 1 £i£& £-£*&£©» * U 
l*BHli* 8 0 OtRtl 2 0 O'CJBlTTfcSo ^fiS*<8 0 0 «C«fc 0i&t^> 
nlA 1 N/<y7rJ14 1 1 ©Elfttt*<» < *) . Jil^JMfo&W&ttttlN, * 
fltfflflWl 2 0 OtJ^igt,^ A 1 fc«ktfN©?fmfl»agBUT> nlA 1 N 
/<? 7rl4 11 <Dl*Att*<£&. 

A 1 N/<7 7 7 14 1 1<D±K % £2 O^JWgJfiTTfiiWUfc^fe^ffll^T^ G 
aN*ttftfl*j&lSLTt>«fc^. AlNK7 7riiGaNilS B B Bi 

Wy7rl4 1 l**JSf*. 

F'J>f^7iK-7A (TMA) ©tt»ft£ 2 ^7b/«-|wgOE-f S 
t^fC. */->5> (7jc^<-X5 0 p pm)£l 0cc/$K h 'J / *MS U 7 
A (TMG) £2 O/z^U/^iinUTtfei&U ngUA IGaN^77 KJf 1 2 

TMA©tt&©*£#ltU nSGaN7y>r KJf 3 2£i£flt$1i:S 0 
*©&. TMGx -> 5 >©{&£©£ £f?itU 7>^-7<!:7jc3t©M£^B 

M>>^7A (TM1) £2 0 0 ***;U/$h TMG£2 0 #*;l//:JHfcS6LTs 
I nGaNI B B a^4"5g14il 3£1 0 nmi£$$-£So 1 nGaNgftfl 
3^S^-r^aS©|gS{±. 5 0 0TO±8 0 0TOTT&til*J:t\, rSttHli. 
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A I x Ga,I n I N(0<x< K 0 ^y< K 0 <z£ K x + y + z=l) t&m^j& 

#U 7 > K— 7G aN4-t-y ~fM ( I n G a N^&Jf ©3£fSffll$lJl) 3 0£1 
5 nmlSJIS^tS, ZOt&s TMG©gftS£^l;£-£Tt> 

I nGaNigttil 3 %mmZ-&Z&lU 7V F-^G aN+t y 7l3 0^ 
J&Jj5ct£SE&li> &©<fc?T££ 0 7> K-7"G aN^t^i3 0£^tf£:i 
<fclC<fc-?Ts I nGaNrS&Jll 3j&m^^jE0&«t^ I nATOtS:.!: 
»JT'^5o *H«^©<t9^ I nGaN?gf4®l 3 ©it^&gtl^ l;g 
10 jg. -T^:^^. 7 0 0'CT7>K-yGaN4 i +7^13 0^^I (In 

1 0 0 0-1 0 9 0°CH&£T-|l£U 10«1^. l nGaNigft 
15 1 1 3ii. 7 0 0 t CSJg©MTJtabfc/ci6. ffifl14t?©i& B 1.1fe&^ \> C© 
f^Ste. I nGaNgftil 3 ©El«l&£±l:f S/c&T&So *nm%Wi(DjL 
9 (Is 7 0 O'COiSiST 1 nS^TOJJl (7> K--/G a ^JI) 3 0 

£1 nGaNStt/11 3 ±CSI:I^C iCioT, 1 0 0 OtKlffi 

I n G a NSttM 1 3 {ottLT^KMS^-? - Ctl 
20 i:«t->T> 1 nGaNfcl&JIl 3 ©@2ftttte|6]±T££o 

114Ji, 1 nGaNf£&mi 3®M&y* U\'i*<y&>X&&t, InG 

25 (Cp2Mg)^0. 1 ^^U/^t^UT. pSG aN^ KM 3 3£J£ig$ 
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fcKU TMA£_Li£nS2A 1 GaN?5y KJI1 2 £Mj£tZ®&®ffi&t® 
Uffi&TmaU pH!A 1 GaN^y FH 4£i£?£$-e£ 0 *©& N TMA 

TMGfccttfCp 2 Mg©&& £#iLU SM^6 0 0tCML 
fcfiU RtfTMG, TMl:fc.ktfCp2Mg£{fe£UTpMIn x Ga 1 _ x N(0 
<x< l)^t»^5 c f a HIM3 1 (J?$ : 0. 0 1 fimm 
pll nGaN*R9JI3 1 K¥+ yTW'M^OTN pll nGaN+IS 

ji3 1 <t-€-©±{c^fi5c$n?»pS!ms (p t ) tom<Di/ 3 y b*—Bma&i& 

p&f 1 nGaN^faH3 Hi, p32 I n G a N£it&& N 5 0 0mKT7 0 
T o r r ©&JE7jcSgffl^4»Tfi&S£*T9 C & 0Ml&T'& So MJE©7jc& 
&B«*-Cfc*ltf. 4 0 0 °CJgi±©«i®ST. p£*tttt©«te<fcrt<Htl£o B 

7>*-7i7jc*(D»fr£H*"C\ *«*5 0 0*C*T^L^ 
7>*--7©{fc££#iLU **»HA**»-C5^ia«Maa*tT-5. 
ftfcK* nSS i C&*£4 1 OffiC f^XTi) *ffll^Tng*S4 1 8 
pSI nGaN<p|18JI3 (P t ) *ffl^TpS**4 1 7£«j£ 

-f* 0 P t £S^.i©J*> P t liftWIW<**l>OT, plInGaNI31 

*Jttft*»©«k^irs nIS i C£fc4 1 0©±C «4'nSA 1 N/<y 
77^4 1 1£SH:J\ «tt*W-fS*fi4 1 0<Dmffi\ZWM4 1 8£J£/£bT 
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t\> ttz. *>Un (Ill) ffi*^3. 5MfiT[l 1 0]^|fi»i« 

10 7Kg*£ti£J:-5i:u I nG aN^llf#F (milti quantum well) T'£>-? 

1 n G a N^0fifi;^p»jt*^-tt> ft©«fc? C7£j£$tt£o »E±«&$ 
n/:nIAlGaN^7'vKI : 0. 5 paSft) ©±K. nSGaN*' 

15 -f KJf (J?* : 0. 1 fuMB.) *fifcfi*^ I n 92 G a 0 . g N>>Ji;H 

(IPS : 3 0 A fig) I n 0 . M Ga fcM N/<UTjg (J¥£ : 5 OASS) 
£SK9l3tt9£UTJ&B$-t!\ *©fcl 0#g©I n u Ga a ,N-)x;TO 
S£-t*£ 0 fcfc, 1 0#g© I n 0 . 2 G a 0 .,N^i;H±{cl[|^ N T> K-^G a 
N*+'y7Jl <»3 : 1 0-3 OAUg) , pSGaNtf* KJI (ff* : 0. 1 

20 ^mSg) s p32A 1 GaN^77 KB (J?S : 0. 5 #mgg) % js&tj piG 

"f So *^]ffiBSI©lil^^(C*>^Ts pSSG a N#>T KJIfccktf pMA 1 G a 
25 N^7 7 KB©pSK-'*> hiLT. Mg©ftfr*HC. ^ (C) ;WBl*&ft 
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*)l/ftm£LTft7o pSA 1 GaN^77 KJf©^!*. TMA^^/U 
/£\ TMG^2 0//^/^ ^v'^O. 5 /z^;U/^^LT^f9o 

mi 8li* piGaN^ KJf&itfl n G a Ng&Jf Kfclt* p S^fcfc^SI 

t*T. pM^M^T*>^Mgli. G aN**-f KJI©Jj!c:g4UCg&/ifliK$£$cUT L 

t?. *m&mm®%ytm?iz&^T, pm^foVaT'&zmmii* g 3 n 

tfCk^T. pi K-'«> h*<G a NtM KJi£^LT«tt«^i£«rf * 
K»*<T>K-:/©»£\ Al GaN^-; KMWK* K-:/LT*> J: 

5fr?-©»&;WT« < . (0 0 0 1) i^ + X h>tlTl ^fzim*® 

gs8Lt©f(iJB«rtBtt 

(1) 3t«±ICv Effltfete£tf&ffi¥fflttK«nfc»l*SK©G a NJ&&AJI 
jWBKT**. C©GaNi?M£AS.hi:\ SMt# * A3M*W#$ll0l&it* t 

iiS6\S!a©£Jii&©J£&Wt&T&£o Si *»*©£*£?■ 

(2) 2 o o^mmom^m-v. '<y77i**rtnnaA 1 n&bai 

SOTN nIAlNWal©±i:> J: OWfftG a Ni*|&A©4*& 
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(3) &ffcS^&£«Ji (OOOD.g^b [11-2 0] #Ir1K«»UTI*5 

K{b^**fi±jc«ja*nfcpaA i g a nik^t, a i <D&m<mz.z® 

(4) Si^ K-T'bfcnlA 1 N^V^rJI^JlH^CtC.fc'K TOM&ffi 

(5) I n G a NS14JB©±|I > 7> K-^G a r^JijWBfiltettT^' 
10 SOT. I n G a NgftB/pSG aN*'-f KJB» I nG a Njgffil/p 

(6) I nGaNSttJiCWtTJIMaa*ff9^:i:»w«k*)s I n G a Nn§t£Jl 

15 #**-©*n«fc o 1 0fgj^±(ci#^-r^ o 

(7) p«M©TKpa I nG a NBjtfffctf &nT^*©T\ pfllli®^ 

(8) piA 1 GaN^77 KlOpIK-z^hiLt^ffll^Cii: 
±oTx I n G a NgftBC K-'*> hrt^ffc-TSC i*WJT'^ 5©T, lift 

20 ^©{HiS14fc«i:a t ll^^^i|iIIC|^±T'# 
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fjt*©«Bffl 

is mmjj&o 

3 . fijiBSir 2 ©Sg&ffll* 1 0 0 0 TOTT^*. 1 Kie$5c©g<fc# U 

20 4. iUE^4©Sg«SSIifIIBm3©?&S$EiB«J:0lS<> 3 ©££*5fflt* 

j|iifefS2©£«$gfflmv »ciSl!c©^k^U ^A^k^«5^©|8jt 

25 A^<b^^¥#<*©^^feo 
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6. lif3S&fc<&£&AJittx MteT/l^-^A^-SXTfcD^ ECR-CVD 
fc ti E C R X/ < ? * mxi&J&f Z> . 1 KBttOS-f k# 'J »> 

5 7. BijlSM<k^^B B 8ll±^ A l x Ga ,_ X N ( 0 £ x g 1) £3%T'fc t) s 

10 Si. 

15 9. tfjEft<k&S£&<Dffi££iB(^ i*ft{kg#£&® (oooi) ®^>, N 

1 0 . |te« 1 ©ft ft 1 ° £ 1 8 ' £ T'T'fc 5 x SMEg 8 {Cf2f&©M*fc: 

20 # u * umt^m^mw%^ q>w&3&. 

25 12. BifEaYk7^i-^Aji*^Jfi-rSXg|i % »8 0 0 , C^e > l 2 0 
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5 

10 15. B"jfe^<bT;Ui— ^AjgcftC. *&$£LT->U 3>#K-y$ftTi^ 

1 6. ^b^SSix 

*«X.Tl^s £*b#U A^fb^^ttSfcfc*^. 

i 7. line&ti^^otie&iEtt* ttK<k^**fi© (oooi)jfiH, 

20 * 1 ©ftfiCTC 11-20 WlRjOi&LTl^ 6 fc£«t©Mffc#'J * 

<b# u A5R<b^»2N»#»**^-p 

25 

1 9. IWB»l©ft*tt* ft5'fr£l 5»*®1 6KBfW>a 
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5 r^Ga^N (0< x < 1) !#W£*m^> IS^lgl 6 Kf2tfc©^k# 'J 
* A^b^^gttlibfc^,, 

2 1. BUI5mSlie#*^«^nTl^s 0 iriB«fc©^fb# 'J «>A 

10 

2 2. S&±Kt8:tf A 1 ,G a y I n z N(0^x< l s 0 =*y< 1 . 0< 

z^i, x+y+ z =i) mim*ttmtif*)V2*jk<t4t®*mw&mm&w*ffi 

15 »SttJl<D-hK, I n©IH«Jt5/;i60G a N^t 

fits . 

20 

2 3. ttTEGaN*+y^|§£JBJStt-*Xgt^ SUES& 1 ©fflaffiBW^ „ 

24. luEG a N * + >y -fmZfcf&t I&E3& 1 ©Sgf&ffi^ £ ffiE 
25 £S 2 ©&gtEffi£T#£U<£^£*T9 . ffi^m 2 2 CEttOfi-fk^f'J t> L,%ft& 
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2 5. lilEG a N+t-y li. Jft 1 nm^-hl 0 nmJ£TFT'£>*K IS 

#11 2 2 K£«03Hfc# 'J * A^b£$¥##£:)fc^©§l!i£#& 0 

5 2 6. sUfBlfS 1 <D££fS18tt& 500-800 t:, HufSJ£ 2 ©i&gSBBti 1 0 

0 O'CEl.tT&S. »#52 2 KEttOfiHbtf U » A^b^¥»«&jte#?© 

2 7. at«±KKtf A 1 x Ga y I n t N(0^x< 1 N 0 ^y< 1 s 0 < 

10 z£ U x+y+z=l) 8H5feJi£*frSMb#«; * A^b^^#M«i6fl:£« 
* fcttTbtf A*Yb^¥*{«ft#**T* T, 

15 2 8. BiIEGaN^+>y7'®©JP${i. 3^1 nm^±l 0nmHTT*?>. it 

jfcE 2 7 KE«©s<b# y ? b^ttWflSS***. 

<b# y * A&<b£%¥*f*SS7t3i-? T£> o Ts . 

A&fb^^SflSfc***. 
25 3 0. liJE*gtt»tlifCpa^7y KUtOIBlC, pS^f-T KMsMtttt^tiT 
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